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Alw/I(Ict- A ]Iulnbc]of  successful a]]])licatio]ls
of automatc(l planning and schcdu]ing
a])])licatiolls t o  s]mzclafl opmatimls  tlave.
l“ccclltly  kc]] Jcpor{ccl in tlw likxaturc.
I ]owcvcr,  (IICSC  applications have bccm o]u2-of-
a-kild  ti]q~licaticms  that rcquirccl a substmltial
aInoIIIIt  of (Icve.lopnm]t  efforl. II) this ])a])c.r,
w c. (ic.su  ibc AS1’l~N,  a modu]al,
rccol]figl]lal~lc application frame.wolk wl]ich is
ca]mb]c of supporlinp,  a wirk  v a r i e t y  of
plalll]ill~,  nml schc.du]inp, appl ica t ions .  Wc
(Icsc[it)c.  tllc. atcllitcct(l]cof  ASI’liN, as well as
a Illllllbc.r of C.ullcllt spacecraft
colltl ol/opcmticms applications ill ~IlogIcss.
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Autmnatc(l ]~lal}l~ill~]scl~  cci~llitl$’,  tc.chnolo~,ics
lIavc great ]J]omisc  in mlucin~j opmations  cost
ancl incrcasins  t h e  autonomy  o f  acmspxx

systcII  Is. }’l:illllil]~,’  is tlm s e l e c t i o n  a.JId
scqucllcillg,  of activities suclI that tlmy achicvc
OIK. 01 IImc  goals ald satisfy a set of doll]aill
cotlstlaillts. Sclmduling Sclcxts atlmng
altcullativc ])lalls  ad assigt]s Icsou ILtcs WIC1
tilncs fo] cad] activity so that the assifi[l~tm]ts
obey the. tc.JnJxM”ti]  Ic.stlicti(m  so activitic.s  aIId
(tic ca]mity Iinlitations  o f  a  s e t  o f  s}lad

ICsoul”ccs. III adclition,  schxiulinf,  i s  an
o])timi7.a[io[l  task  ill whicl}  IIv211ics SUCII  a s

tadilms  all(i IIlakcsj)all ale, mit~il[~ixxi.

Sclwdulitl~,  i s a c l a s s i c a l  comt)imtorial
]M oblc]]l  tlIat  IIas loIIg bccm s t u d i e d  b y
Icscatcl]c.Is it) oprxatiol]s  Jcscalcll.  W h i l e
tladitio]lal  OR ajqmachcs  ( c f .  ~“/]) lIave.
focwscd 0] I  oj)t i]nal solutim]s fm lli~l]ly
Ic.stl-ictcd  classc.s of ]Moblclns,  tlmc has h:clI
lmlcll 1 C.cc)lt intmc.st in tlm twmrislic,
cmlstt  aillt-base.d apj)l”oxhs ttlat am
a]q)licdl)lc  [0 ])tactical [iomai]ls.

‘1’raclitional]y,  tlm ploblc.]ns o f  platlllinc  and
scl]cdulinf, Ilavc t)cc.11 stu(licd scj)al  atd y.
Rccclltl  y, ajymaclm that intc+q  ate. MI) the
])lallnil]f, aIIcl sc.lm(lulil)p,  ]noccxs tofyt I)C.I
11[KIC2 a unifying fl alncwo~k h a v e  t)ccll
dc.vdo]d. Solne. ICcc.11[ acms]lacc

-.— —————— —.. —
‘ We take IIICSC dcfllliliolls of i]lallllil~~/scllcclLllirlp, floll)
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applicali(ms of hybrid l>l:iIit]C.I-/SCilC(  llIlCIS
illcludc  [13,1-/, II)].

AlthoL]/,11 IIlc. tmlcri(s of al)l)lyill~,
j)lillllli[]gjscllc.(llllil~r, tcdmolo:,y caa be.
sip,nificalll, (lrvclopiI1f, I’cal-woll(i,
l~lal]JliJJ~,/scllc(l(  llill~  sys(cIns  i s  o f t e n  WI

cxlIcJncly  tiJ~lc.-cc)1lstll~~iJ)p,  t a s k .  h40(ldi11p,  a

COJ@% domain 1“(’.(]11 i J’CS all c.x]mssivc.

lnodclii]~, la IIp,uafI, c., as WCII a s  data  s(Iactu  Ic.s

(Ilat IC]MCSCIII  tt]c coJls(tairlts  CX])ICSSC(l  ill tlIc.

(Iolnait)  JIIo(lc.1. lJ1 a d d i t i o n ,  c(JIIl])lcx,  d a t a

Stl’IJCtlll  C!S all(l :il~,mi(llms lllat S11])])01 i

inclclncnlal mo(lifica(ions I o can(lidatc
])l;tlls/scllc(llllcs nc.c(l (0 bc (Ic. sifpd  a]i(i
illll)lclllc.lllc.(1.

111 o]dcr (0 c])ab]c (IIC lapid dcvcl(qMmmt  o f
al JtOlllalCd SChdLl]ill~,  SyS[C.lllS  f O J ”  NASA

a]q~licalions, we llavc  (Icvclojml A S ] ’ ]  iN
( A u t o m a t e d  S(’.tldll]il}g al)(i }’]allllil)~

] \N\~it’olllllc.llt),  a  rcmsablc,  cmlfif,alab]c,
~,clmic l~lal)lli[)f,/sct]  c(llllillg applicati(m
fralne.wmk.  An applicaticm fralncwo] k [ 15] is
a class lil)laly  (i.e., a 1 C.llsablc.  Sc.1  o f  Sof(wal’c.

c.olII]mIIctIts)  tlld[ provides tlIc fa]mti(mality  of
tllc. cxmponcnts  found  in p r o t o t y p i c a l
itlstaw.cs  of a pmlicular  alq~licatioJl  (ioJnain.

AS1’liN is all o b j e c t - m  ic.ntc(i  system]  tl)fit
])mvi(lcs a rcmsat )Ic. SCt  of sof[walc,
CXNI)]KHKHI(S  ttlat  ill@’.JIlCJltS  t]lC C] C1llCJltS

COlnlllollly f[nlll(i i]] CO IIIJdC.X
]Jl:il)llit]~/scl)  c(ltlliJlg  systclns.  ‘1’lmsc inc]u(ic:

● AI] expressive c.mlstraint modclillf,
]Nl~ll:l~C  tO a l l o w  thC llSCJ’  (O Jlatlllal]y

(lcfillrtllca]>]~licatiotl  dmnain;

●  A  cmstrail]t  lllana~,cmcmt systc.m f o r
rcpcsclllil]g  aTl(i  lnaintai  J]ill~  s])acc.crafl

olmability  al)(l I-C. SOU]CC. constlaitlts,  a s
wc.11 as activity Ic(l(lilcllicl]ts;

o A tunp(md masonin~ SyStCJll fol”
cx]ncssillr, and ]Ilaintainillg tcm]mal
c(msllaillls;  all(i

AS}’IIN i s  cullmltly  Iwillf, utilim(l in ttm
[Icvclo]mlc.1)[ of all aUtOJlla,tC(i
])lallIlel/sct)c.Cllllcr  f o r  colnlnaJ](iinp,  a  n a v a l

colllJl)LIJlicatioI)s satctlitc., as well as a
sctlcxiulcl  f o r  tlIc gIouIId  lnail]tc.llallcc  f o r  tllc.

]<CllSat)]C  ].allldl  VC]liCIC. ]11  SCC(iOJl  2., WC.

d i s c u s s  a p p l i c a t i o n  flame.wo~ks, a])(l  thci~
applicability 10 l)lallt)il  l~,/scllc.(l  llli I)g systc.JIIs.

Sc.clioll  3 dcsclitm  ttlc architc.cturc  of t h e
ASI’I;N. Sc.c(ioll  4 (Icsuibcs s o m e  c.urrcllt
applicaliotls of ttlc AS I’I;N f r a m e . w o r k ,
i]lclud  i]]:, p, Iou II(l mai]llcnal)cc  sctdulillg  for
llIc Rcusal)lc,  ]Jaur]ct) Vc.lliclc,  a s  WC]] a s
opclatiol]s  J]latlllirlg/scllc(lll  lit]~, f o r  t w o
au(olloll  lolls” satclli(cs.  liillally,  Section  5
(Icscril)csl  cla(c(l wo[k.

2. AII]]I .I(”A’I’ION  lIl<AMIXV(NKS

CJt)jc.ct-[)liclltc.(1 soft  wale CIc.vc.lo])mcmt
lcctlJ1iqucs  lnakc  it jmssiblc  (o (icvclop  gcmric
apl)licati(nls  fol slmcific (Iml)ains. ‘Jlmsc
applic.dli(nl flatlmw(wks cwlsis{  of  a  c lass
Iibl”aly folnlinp, a fralnc. that has to bc
c.ustolniml fm a s})c.cific  alq]licaticm.  ‘1’hc
c(mcq)t o f  applicati(m fralnc.wcwks w a s
l)ioncc.lc.d  ill tlic (Iomaill  o f  llscr intcrfacc
applica(iml  fl ;iIIIcwoI  ks SUCII  as 1 (’j’+ -I [X)]  or

h4acApj)[21 ], wllic.h  lmvidc  a tcusablc,  blank
alq>lic. atim [hat iml)lmw.llts  Inuc.1] of a givcm
use] ii]tc.1  fwc lo(k-aml-feel stdlldat  d. 1 I’m any
pariicu]al alylicatiml, a  ])1”0/,l”NllJIKU call
col)cclltl  atc oII illljllc.lllc.lltill~  tllc ap~)lication-
spc.cific  pal(s.

\Vc. fils! discuss solnc aslmts of class lib] arics
l)cfolc. (lcfillill~, [Ilc tcllIi apl)licalioil
fl almwork. Coll)l)am(l  to cmvcntioml  mu{ im
litml its, class Iit)lalics are llicJ archical,  witil
tllc Illost p,cmal class at tllc. 101) of tllc
l]iclalchy  lrcc (if sil]p,lc inllcritamc. is used).



‘1’llis  Ilicr:ircllical  (mgalli7atiml  hctl)s to rcducc
tl)c. complc.xity  o f  a  liblary.  An i]n]ml(ant
p r i n t . i ] ) l c  bcl)il)d the  (icsify of a class
l~icmdly  i s  ttlat tl]c Colllmol] bcllavior  o f
classes is fact(mxl out il~to  t}lcir supc.lclasscs.

<Uassc.s wt]icll  faclol ml( com]m]l bc.tlaviol of
otlm classc.s  Iypiuilly c(mtaitl smnc. ]nctllods
that can])ot bc ilnl)lcmcn(cd.  Al)y class that
contains  onc 01 nmc “cullpty”  Inc.tllo(is  ( i . e . ,
Inctllo(ls witl] SOII)C. kind o f  (iumn]y
illll~lc.l)lcl)tati(~ll)  is tcvmc.d al] (Ibslt(Jct CI(JSS.  It
(Iocs 1)0[ Illakc. Scllsc t o  gcl)clatc.  iIlstaTlccs  of

t\lC.11).  NCVC.I (tlC]CSS,  :ltMtl”:Kl  C] MSC.S Illay a]S()

colltaitl ]nct  [IO(IS that Cal) all”c.ad  y [)C.

illl])l~:lllc.t]tc.(1  ill a(ivaIIcc  for all subclasses .

‘1*Iu2  most illllmttallt  aslm{ of ahst]act classes
is that ~l]cy fm II] tl]c basis of r.l-tcnsiblf and
l’cu.wil~lc Softwal(’ Systc.l)ls:  i t  i s  ]mssil}]c  to

rc.ali7,e.  WIIOIC,  sof(war-c  systmns  usit]g only
al)stl ad cl:issc.s, i.e.., tllc. plotocol  sulqm  (cd by
II]cm (we (Icfinc tllc (0 t]] “/~MJl(Md  of a class”
as a l l  t h e .  mcthds a[l(l illslalm  valiablcs
1)] ovidcd  I)y ti class). If sul}classc.s of at)sllac.t
c.lasses m a(idcxl  (o Il)c. class Iibal y, tlwsc.
S[mwa!’c.  Sys(cllls Ilccci Ilot t)c Cllmg,d.  ‘I ’ l  Icy

a l s o  wd witl] tl]c objcr.ts  of mw suhclasscs
o f  t i m e  abslmd  c l a s s e s  (ml wl]ich otttcl
Sof(waw systcllls  aI c lMSC.(1),  sillcc  tllc.sc.

Ot)@[S  s[l])])O1’( :1[ ]CAS( [k ~JtotO(d  (dlOU#I

in~]dcmmlltcd  in a  s]xxific INaIIIICI) dcfillcd  ill

tlmiT  (abstlac[)  supcIclassr.s.  ‘1’IIc  nmtlm(ls  o f
al)sl  Tac.t classc.s  aic dynamically bound,  so that
tllc colr(:sj)c)ll(litl~ Illctllods of t}lc ot)jccts
whit.11 ale. ills(alms  of tllc llc.w c.lasses aTc.
called at run titm..

Ncw Sllbclasscs  of abstlacl  Classes call fcllsc

all  the code. that  was already ilnplclncmted in
(tlCil’  Sll]JC.I’C]aSSCS. C l a s s  litwmic.s  arc calld
a/~/~lic(4( iml Jr[J/?Irwf)tk,Y  i f t t Icy a})l)l y tl]c i(lcas

lJlcscntc(i  atmvc  iIl of(kv  10 ~mvidc  a soflwwc

systcm  wllicll  i s  a  ~,cmct  ic alq)licati(m for a
specific domain. [;lasscs Col)lprisinc a
scldulillg  al~,oritllll~,  top,cttml  w i t h  a l l  IIm

al)s[Iacl classc.s i[ rc.lies 011,  follli a scllcdulinf,
alq)lica(io[l fralmwork.  Ajy)lic.a(io[ls  base.d ml
s u c h  all alq)licatioll  ftallmwolk  a[c built  by
custml]iz,  itlg its abs(l  ad ald c(mcl ctc classes,
‘J’IIus,  a  f:ivc.11  fral)lcwol k alw.ady  allticipam
]IILlClI aTI a~q]lica(ioll’s  (icsi~,ll  wllic.11 is Icuscd
it] all alqllica(iol]s  tmc.d oil tllc classes of tlmt
ajq)licali(m ftatllcwolk.  ‘J’tlis ilnl)lics a
sip,llificallt  miucti(m ill tlm almullt  o f  CO(IC
tm.cssaly  to illlj)lcllm)t  succ.c.ssivc systcmw.

3. /jS1’liN:  A ];l{AhflliW[)l<K  101<

])1 ANNIN[i/S(’ll  IiI)LJl .lNG SYS’I’IIMS

Note that ttm (lcl~c.lo~)tl~c.[]( o f  an ap])licaticm

flalmwolk  fO1 a  lmt(iculal (Iomail)  ilnl)lic.s a
s(alldaldim.d a])])] Oact] to iltlj)lclnclltillg
systems for that (lolllain, at)(l a coltlmitlmmt
b y  (]IC fl :illlC\\’ol k (k. Vd[)J)C.I t o  SIIJ]]]OI t

alq)licatiolls  tll:it  cotll-o]  In to ttlat stall (ladi7, c(l
alylloach.  It is ilnpl act ical  to d e v e l o p  a
frmmwork to sLI])poI  ( (/// v iable .  :ilq)I(dIcs  to

planllin~,  all(l sctmiulii)~,. Numcxousj  w i d e l y
(tivc.lgc.llt appoacllc.s to })lailllitlf,  and
scllcdlllills  tl:ivc bc.cli  (Icvc.lolml  (cf. [ 1 ,?3].
Since l)lal]llit)~,/scllc(itllill~,  am culicmtly  very
act ive .  at c.:is of Icsc.arctl,  tllc. tc. is 110  clc, al-
co]mllsus  0 1 1  wtlicll alq)loacllcs atc I[mt
uscfu]. ‘J’llus, wc lcstl ictcd tllc Sc.olm o f  our
fl amcwork to approaches tt I at had been foun(i
useful fol NASA alq)licatiolls  ill tlm past.

IIy aTlaly7i[lp,  our p r e v i o u s  cxlmicnm with
buil(lil~g,  ]~l:tllllill~,/scllc.(l( lliI}~, s y s t c . i n s ,  (cf.

[  1  6 ,1 ’/]) ,  as WC]!  as rc(luirclncl]ts  fol cwrlc.nt

alI(l fu(ulc. alq)licatiolls,  wc. abstlactcd  a set of
lc.(luircxlmlls  that is flcxit)lc  clml~,t)  [0 sup}m[
a wide. lanp,c of aj)j)licatiolls. WC found  that
t h e .  Ic(llliic.lllcllts  fm aTI ]llalll]iIlg,/scllc(  llllillg,

alq)licati(m flalncwmk ilwlu(lcd Ilm followin~,:

* A  lliuarc.l~ical  Ic])[c.sc.[ltatioll  of  ac.tivitics
e ‘1’tm  al)ility  to r e a s o n  about: tmlqmal

l<clatiollslli])s  tmlwc.cll  ac.tivitics

o l<casoIlitly,  atmut  rcs(mrcc.  usa?,c

* l<casoIlill~,  atm(lt  ad)i(laly  s[alc  at(rib~ltcs



. Rc:isoning  (Icpcmdc.mie.s  I)c.twcml v a t  ioas
parameters of adivi(ics

● 1 ‘Icxiblc Ic})lcscllt:ltioll  of tilm.
● Support  for a wide I-:i])p,c  of sc.alcll

algorithms
● A graphical l]scri[ltclkccfo l~’icm’il}~:{rl(l

Immi}nlla[ing j)lans and SC1)CXIL1l  CS
intcradivcly.

●  A  mo(ic]inp,  ]anp,uagc  that is ctipablc.  o f
cxlmssing  the rcasonitlg  facilities lisle.d
above. ,  ai)cl a pa[scr that tmllslatcs usc.i-
mode.ls cxprcsscd  ill this lan~aa~,c  [0 Illc
SYS[C.111’S  il)!CIIla]  data  StJ’llC[lJJ’CS.

IIasdon  [Ilc.sc rc(]tlilclllct)ts, wcdcsifylcxi tt)c
coII)])OIlcJlts( lrsclil)c.(1”  I) CIOW.

“]’h(!  C. CIltld  data  StJ”LICtll  J’C iJ) AS]’];N  iS all

activity. AII adivity  rcpmcnts W] adi(m or
SIC,]) ill a lllan/scl)cdulc.  An activity has a staTL
time, end time, ami a dulatioll.  Activities caa
usc om. or more rcsourccs.  All activitic.s  in a
p]aldsc}lcdll]c arc clc.JllcJ)ts  o f  (}ZC  Ac/ivify
lkJtalMtsc (Al]]]),  wlticll maitltail]s  the sta[c of
all of the activities iIl tllc Callc.l)t
plan/sctlcxlule,  and serve.s  as (tic intcgiatill~
mo(iulc that provides al) ii)tcrfacc  10 all of tllc
Otllct  Com]mllc.l]ts.

OItc fttnctioJl of the Al)]] is 10 IC]MCSCIII  am]
lnaintaill  hicraJcllical  rclationsl)il~s  tmtwc.ca
adivitics. Aclivitics  m) con[ail)  othcx
activities m .rubaclivilics;  this facility calI I)c
u s e d  1 0  lcason  al)ou( [tic ~)ladscllcdulc  a t
vatious  levels of at)s(lactions  (e.g., a scldulcr

can fiJst Icasotl  about  a  sd o f  activitic.s
wittmut considclinp, that cad] o f  tl]osc
activitic.s aJc. tlmnsdvcs  com])oscd  of a set of
subactivitics- this can make various lcfldsollill~,
tasks  lJluch  mom collll)llta(iot)ally tractable.

‘1’mqmml  ad rcsc)~ilcc-collstraii~ts  bctwccll
:ictivilic.s  a r c  a l s o  tq)lcscmtcd ill tlm Al)]]
At(llou~,tl  Inost o f  (I)c actual coll)ll~l(:itioll:il

mcchat)isms that nlailltaitl (Ilcsc  cot)sttail)ts

a I c, il])])lmlm)tcd ii) Ottlcl Illc  Illo(ia]c,  s
(icscrit)ccl  I)clow, ttlc fuJlctiL)Jlalily  (Ilat

itllc.gt:itc.s  Constraillls it] [IIc. colltcxt  of a
]Ilaldsclmdulc  is il]lj)lc.ll~c~ltc(l  ill the. Al)]]. 101
cxamp]c, alllmgl)  !Jtc ]csourcc  timclims  aTc
lcs]mljsiblc. fm (ictccting  owmsc of rCSONI-CCS

t)y ac.tivilics, ttlc Al)]] lnaitltaiJls (iata
stIuclLIIcs  (ilat imiicatc t h e .  assip,t~tncn[  o f
activities to slmcific tilllcliilc.s  , so tl]at oIIc, CaJI

cfficicnt]y  qacrics saci) as , “wt)icil rcs(mlcc,s
(iocs ttlis activity USC?’

A s  anotllct c.xaln])lc: ai(hougil ttm tc.mlmral
(xms(rai])t  l)ctwork (sc.c below) is rcsimnsit)lc
fol IIlain(ail)itlg  tcli]porai constraints t)c(wcc~l
imiivi(iaa] adivitics,  tlm Al)]] is lcs]x)~]sil)lc
for~lotx+i  Cx)JlstraiJlts.  (c..p,., t]lc. AI)]] C.olitains

~tot)d  constrtiil)ts such a$: “aii  adivi(ics  occur
aflcl’ Iilc. s(aJl  of ti)c  scilc.(ialillp,  holimll”;

wllell all activi(y i s  crcatc(i, I}lc [cIIIporai
col)strail)t tilat t h e  a c t i v i t y  occurs  af(cx ti)c

i)orimn  is crcatcxi  autolnaticaiiy by the. Al )11.

7 >InjwI-{11 C[Jti.Vtr(I in! Network

A ‘1’c.m]mrai Constraint Network (’I’CN) is a
gt aph (iata structure which re.prcsc.]lts  (c.lnporal
Coastraillts  bc.twccn  activitic.s. A  tcInporai
constraint (icscfibcs tile tclllporal  Jciationsilip
Mwc.ca all:ic(ivity  all(iotlle.lact  i\~i(icsall(i/ol”
(i]c scimialing  lloliml),  af)(i ilnpose  aJl
o[(ic,  ]ing ( m  tim sc.t of adivitic.s.  ‘]’im ‘1’(~N
illq)lc~)~cmts  a Simple. “1’cmporai  l’mblcm,  as
(icfiac(i ill [3], a[l(i Ic.l)lcscl)ts  a set of
coastrain(s,  all of which rnltst bc satisficxi  at
ally ~,ivcl) tilm., i,c., it rqMcsc.Jlts  tile col]jul)ct
of all adivc  cmstraillts  bctwcex) activities it}
tllc Al>]].  Adivitics  a J c  re.l)Jcsc.[Itc.(i  ill llIC
“1’CN as  l)ailsof  tilnc  I)oiIlts,  wiIcJc. e.ac]I [illlc.

~)oint  c.ol IcspolI(is  [0 tlIc. l)c~irlrliJlg orcII(i of
at) :ictivi{y, an(i tile c.cigcs in the ‘1’CN  ~,ra])t)
rcpmsc.llt  llIc consliaints  on t i l e .  tmn])oral

ciistalw.c  bctwcm t h e  tilnc. lmi)lts. ‘1’t)c ‘I’(;N
can bc qac.licci  a s  to whcttm tl)c tclllimrai
colls(raillts  cu!rcnt]y ilnpose(i t)ctwc.cxl  tt)c



activitic.s  atc c(msis(cmt  o r  not  ( i .  e . . ,  wtm(twr

tlm curl CJ]l m dcrit)g is fl cc of cycles).

l<c.wmrcc  l?n)clinc.v

Rfxxmrcc  “1’imclincs  arc usc.d 10 rcasoli atml(
the .  usage of ~dlysical  rcscmrccs by activitic.s.
{;apacity  conflicts arc dctcctcd  if the. a~,~rc~,a(c
usage. of a rcsourcc cxcccds  its capacity  at ally
$,ivcrl  time. Scvcrd  subclasses of Icsoulcc
Iimclincs arc implcmcntcd$ includinp,
dcplclablc rcsourcc tillmtincs u s e d  to lmdc.1
consunlal)]c  rcsourccs (c..g.,  fuci), ad nori-
dq)lc.tal)lc  rcsoulccs [hat arc used 10 mmlc.1
Icsou]ccs which arc not ac(ually consumed by
usap,c.,  but arc instc.ad “rcscrvcd”  for a pet id
of tilnc (e.g., a Pic’cc  of Wllil)I~~~’Ilt)”  ~)111
curlcllt  Inodc.1 of  rcsmrcc  usar,c is discxc.tc..
‘1’lmt is, if wc specify that an flctivity  such as
lnovc.-forwar(l  mcs 2 unils  of fuc.1, [I]cll bo th
o f  Ilmsc ui~its al c moclc.lcd  a s  bci]lg
immcdiatc]y  consunlcci  at ttm Iq,illnillg  of ttlc
a c t i v i t y .  ‘1’tlis  i s  a discrc.tc  :t]]l]IoxilIlfiti(~Il,
siilcc tl]c usaf,c of t h e  f u e l  nlay t)c. tw.t(c.r
]mdclcd  as a Iimar  f“uJ~ction  such as u.wgc(l)
=  t *-2/((~c:livilylc)lgfll),  w}lcrc t i s  (Ilc Iilm
dapscct  sillcc tllc beginning of the activity, ad
aclivifylcngfh  is [Im duraticm of the activity.

,Vtolc Yimclincs

State time.litlcs rcpmscnt  arbitt-al-y  attribu(cs,
or states, that call chanf,c over time.. 1 k}) sttitc
CaTI llavc scvcm+l possit~lc.  values; at aIIy p,ivc.rl
time, a sttitc IJas cxac(ly OI)C of tllc.sc. values.
Ac.tivitics call  citlm change or USC,  states. 1 ‘or
cxalnl)lc,  a door-o]Jfw  activity would set tlm
s t a t e .  o f ’  dcm to bc olm]i, wliilc at} ctllcr-
Iwildillg activity would  rcquiJc  that tllc slalc
of dom bc CJpcm.  As activities arc
placcdhnovc.d  in t i m e , tlm s ta te  tiJmlillc.
update.s the value.s of the. state, and (ictc.cts
lmssiblc  iJlcollsis(cncic.s or conflicts (tlat  calI
bc intl oclucocl  a s  a ICSU1l. l;m c.xamplc.,  aII
activity that requires [Ilat tlkc d(m t)c. olmlI is
place.d at Iilnc t, tl)c.rI llIc. st;itc tilnclil)c. clIccks
to verify that the dow is ill fact elm) al tiJm 1.

(Xlmwisc, a state ccmstJail)t  violation is
ildicatc.d. [lsc.Js ca[) dcfit~c  Icgal  scquulcc.s  o f
s(atc tml]sitiwls. ‘1’hc s t a t e  timcli Jlc Ilmdulc
will dctc.cl illq,al [Jal~sitioll  scquclms if ttlcy
arc it~troduccd  iJlto the tilnctin  c..

1 ‘or cxalnplc,  cmlsidc.r  moctc.li  Jlg a (mff’ic li@t
w i t h  a state. tilnc.lit~c, traffic- li@lt.  ‘1 Ikc
possible valms arc great, ydlow, ad red. ‘1 ‘hc
lc~at s l a t e  vaIIJc.  tmtJsitioJls  are:  grrc)l  (0
yellow, -WIIOW to red, rd to grcrn. All other

transitions arc illegal.

l)ariit?lelcr lh?lMIIdeIIcy  Network

I iact  I activity t~as a llumtmr of pal amctcts, (Ilat
alc cithc.r usm -dcfitd or computed t)y lhc
systcm), such as staJ t time, ct]d tilnc, CiUT a(ion,
ally JC.SOUICCS it Usc.s, ally Sta(cs it
changdusc.s,  c.tc. II) ASI’I;N, il is ~msit]lc  to
CI Catc dcpcldcncics twtwc.cn  paralllctc.rs,
bctwcm pairs of paralJMcls  witlliJl ttm same
act iv i ty ,  or  bctwccn  pairs of paJandcrs
dcfimd  ill diffcJclit  ~mlalnctcrs. A dcjwItdcJicy
bctwc.ctl two l~aJatnctcrs  p] am] /J2 is dcfillcd
as a function  fm~n mc. pal-amctcJ to aTl{)ttmr,
1~1 = ~(/)2), wtlcrc  ~(x) is ml aTt)itIal-y  futdicm
whose input is ttm same type as ~)?, ad whcm
outpul  l):is tlm type. of p 1. ‘1’tmc (Icl)ct]clcllcies
alc rcluc.sc~ltcd a])(i mail]  taitlcct  iJl a l’al amctcr
1  JC])C.lKkJICy  NclwoJk  (PIJN). “]’tm l’] JN
maintains ill I (tc}-)c.llclc.llcic.s t)dwccll
pmaTnctc.Is, so tl~at a t  ally S,ivcm t i m e ,  all
dc.]mdcllcy Jclatiolls  am satisfic.cl.  Note that if
(tmrc exists a dc}m)(ic.ncy  s~Jc}I t}lat  p] = .f(p-?)}
it’s iIlvc.Isc  (ic.pcm(lcIIcy,  )J2 = ~ ‘{p]) dots Jlot
Ilccc.ssai  y c.xist,  uJIlcss tlm usc.r specifics ttlc
invc.rsc mlatioJ]st~il)  and specific.s the invct sc
dcqxmdc&.y  as wc.tl.

l’lall}l  i)t#Sdtd\41itig  A Igorithtti.v

‘J’hc sc.alct)  alSorittlrJl  iJl
systcln  sca]cl~c.s for a
Optilllal  J)ktll/SClldLll  C.

a l]lallrlirlg/scllc(  lllliilg
valid, lmsit~ly  m;ar-



‘1’llc i

—
activity” pr-cwalve.  I“cniova]  (

duration = 15
slot Subsyst  C!m
a f t e r  py-eva]ve.  p] q> with (s, u}}syst <>NL  = : t}li s .sulmystcl[l)
before prcwalvc. ~c!placc with (sulwystem = = t hi s . sut.,syst.c,m)

Reservation ~“lydl”au]i  c!. lift. usage {
r e s o u r c e  : }Iycllaulic. l i f t  ;
usage : 1 ;
c!iuration  = 5;

)

requires state plevalve
requiren  s~atc P Y e v a l v e -

)

lesource  hycl~-aulic. l i f e  {
type 11011-  de~~letaljle
quantity 1

)
b’igurc 1. sample  of AS1’JtN nlodclin~

nalntcnancc nmdcl).  ‘1’his  [Icsclibcs  aII
wl)systm.

.— -.. .—. -. ——.. ..—. .—-. ——.
;l’l;N f&mcwork has fhc. flc.xibili(y

lan~uagc (palt o f  the Rcwsablc  l.auhch Vchick
activity for rcn]ovihg the prcvdvc of an engine

to
Sllppo]{  a wide Imgc of schcdu]inp,
algori(l)ms, imludingthetwo  majorclasscs  of
Al scheduling algoritl]nis:  constructive and
rc.pair-hascd  algorithms.

Cons[rLlc(ivc algorithms (C.g., [4]
itlcrcnmtllally  c o n s t r u c t  a  v a l i d  scl~c(iule,

takinp,  t a l c .  that  a t  e v e r y  step,  the parlial
sclm.clu]c  coJ)structcd  s o  Pdr i s  vali(l  WI Ic.11  a

esq)Jctc scldulc i s  Cxmlstnmtc(l,  i t  i s

(Ilc.l-cfolc  ~,ualantc.ccl  to bevalicl.  R q a i l-- b a s c d

f~lp,oli(tl  IIls(c.f. [12,22]) gc.nc.rate. a p o s s i b l y
invalid compJctc,  sc.hcdulcusing c.ithc.l  randoln
or greedy te.cJ)nic~ucs.  “1’hc,n,  at c.very itcratiol],
the scheduled is analymd, ad tcJ)aiI
hcw]istics (Ilat a([cmJJt to c]imillale.  conflicts in
t h e  sclmlule  arc  i(clativc.ly aJy>Jicd  uilti] a
valid scl)c(illlcisf[)tlll(l.

‘I’J1cse.alcll  algoritl~ll~s  tllatl)a~’ccl]rjcl~[ly  bcxm
iml)lcmc.ntcd include
●  j{~mwrd  di,~patch,  a  gIcc.dy,  cxmstruc(ivc

algorithm,
● 11{s, a cwlstructivc, backtracking

al~,oritllm  based 0]] [17]; and

‘1’)ic ASI)liN  ~iqhical  lJscI- lnkxfacc  ((ilJl)
coln~mnc.tll  J) Iovidcs  100]s f o r  graJdlica]Jy
ciisplayin~a[lcl lllalliJ)Lllatil}  gsc}lc.cltllcs.
Rcsourcc  d sta te .  timclims  arc displayd.
Activities mcovcr]aycd  on the timclines,  and
uscls  call  dire.ctly ]nanipulate  activities using
standard (llag-allcl-cllc}~~~  >loc.cci~lrcs.

‘1’llelcalctw’oll~eal]st~y  which ASI’JiN can be
cmtcndcd  at)d sJm.ializcd  f o r  a  J)arlicu]ar
ajyiication.  ‘1’hcsc arc:
●  <lcatioll of(l(~iIiaill-sJ)ccific  lllo(lcls using

tile lmdclin~  Jmguagc, and
●  llxtc.nsio~)  o f  lhc applic.atioll  f]amcwmk

C()(IC

‘J’lIc IImlclillg  language  is used to specify
Cic)]llairl-sJJccific cons t ra in ts  ald activitic.s.
l;igurc 1  SIIOWS :111 e.xaml)le  of pall o f  a



domail] m o d e ]  spc.cific.d  iJI (]1c. AS] ’ ]  ;,N
mode.lil~fi Ianf,uas,c.

‘1’llc  base AS]’] iN framework, imlu(iing the
tnodc.lins  Idnguagc  is sufficictlt]y cxtmsiblc  10
su]qm t a [angc. of applications witllmt  at]y
cxtmmions  (0 the code of the. fralmwork  itself
(c.p,.,  tllc Rcmsablc 1 ,mncll Vctiiclc ~Ioutd
llJaitltcmarm  sclmiuling  al~plicatim is ditcctly
dc.rived froln the framework by siln])ly
spc.cifyinr,  a mode.] file)

l;xtcl]sions  t<) ltlc flamcwork mclc. nccxls  10 lm
lnadc.  wllcn c.llangcs  in t h e  b e h a v i o r  o f
A S ] ’ ]  ;N colnponc.rlts are rcquilcd.  ‘1’ltis
inclu(lcs Iwo Classes of c.x[c.nsimls:
cl)i,vlct)wlo{:  iml ad hcurist ic.~
1 l])is(clllolof,ici~l”  c.xlc.rlsions  arc nc.cc.ssm  y
wtlcvl ncw  lc.l)rcse.l~tatiollal  capabilitic,s  arc. it)
ordm (o ll~oclc.1 a ncw do]nain. 11’or cxamp]c,  if
wc wall(c.d  to implc]ncl)[  a  new t y p e  of
I“C.SOH1’CC (ilmlillc which had a Jnorc
sq)llisticalc.d, coJl(i IItlous mock]  of Icsou l-cc.
USafJ,C3,  (IN311 [i ncw s u b c l a s s  of tk rmouI-cc
[imc.tim!  class would Jmcd  to bc iJnp]c.Jllclltcd.

1 lc.uristic  c.xlc.t]sions  cus(cnnizc  tt]c bc.tlavioI  of

tbc fr-aIncwoI-k  so that the bctlavior  is mm
cfficicml  for a Jmrlicwlar  domain.4 1 ;xamp]cs of
Imristic c.xtc.rlsioJls inc]u(lc  JIC.W rcpail

tmuristics  for a repair-based sclmiulcJ, or aI)
cntimly  l)cw search alp,orittln]s.

4. AIII)I.l(’AIIONS  OI;’I’IIJI  AS1’I;N  SCIII;J)UJ  .ING

SYS’1’l;hf

11] t h i s  sc.ction,  wc dcscribc  onp,oing
a]q)lica(imls  of Ihc ASI’liN schcdu]in~,  systcJn
to: ~clm a(im o f  s p a c e c r a f t  command
SCX]UCJ}CC.S f o r  tlm Nc.w Mil]cmniuln ]ia~(tl
ObscI vinf, ()[]c satellite a[d the. (1.S. Navy
(11 II; lioliow  (ill OIIC (lJIK)- 1 )  satcllilc;

2 ‘1’tlis L’lassiflcitliol)  follows” [ 1 1]
‘ l{ccall flotn Scc(ioa 3 (ha( W C. usc a sinlplc, disuck
[C.SOLIIC.C  llS:l~C’ lll(dCt,
4  ‘Jhis i[l)l)lics llIal (1IC fIa]l)cwork  i s ,  in [niaci[)]c  of
solvill~, llIc [M(II)ICIII willloul a }Icu[islic c.xlcmions,

~,cmralion of IIlission  ol)cratiolls  sc.qucl~cc.s  to
a s s i s t  ill dcsi{:n analysis for scimcc  ald
o]m abilily;  and ral)id gclm atim  of plans  f o r
]nailltcmmm al)d tcfud)ishinp,  fw 1  ]i~ll]y
Reusable. S])acc ‘1’1 :tJIS]KM  latioJ1.

‘Jllc p iInary a~y)]icatiml  area for the ASP] ;N
scllcdulil~p,  systclll is gcllcl  a(iml  of SJ)XXCI’iifl

COJlllllall(i  Scqllcnccs  fJ 0111  lligll ICvc.t  g o a l

s])c.c.ifications. ]Jl (tlis ro]c, aut oJnatcd
scllduli  Ilp, systc.IIIs  w i l l  cnc.oclitlg  01”  c.oq)lcx

spacccJaf(  ()]vaabili(y  COJIS(J’:liJltS, fligt~t  rlllcs,

sl)acccI  aft IIm(iwalc ll)odcls, scic7J)cc

cxl)cJilIlcnt  fioals  aII(l (qmratiolls  lmc,cdurcs  to

a l l o w  fol au(otna(cd  f,cllct-a(icul  of low lcvd
s] )ac.ccl af( SC.(]lIC.IICCS t)y USC of advanced
A1(ificial  ]ntc]li~cmw  p]anning  aJl(i  schcdtl]ing
Icdlllolor,y.  IIy aalolllatiIlg  t h i s  ]Moccss ad
c.llc:i[ls~tl:{lit)p, tllc o])cratiw] spc.cific
kIIowlc.d[:c wc lIol Ic to atlow s])acccraft
colIllImJKliI)~,  b y  tlml-o]matiom  ])C1’SOJIJIC],

Ilmcc allowi[]g sip,l]ificant  rcductims  ill
]nissiml o]m ations WC)]  k f[)rcc with the
cvc.ntual  p)oal o f  a l l o w i n g  di~c.ct  u s e r
cxmllnandiilg (c.s., colnlnanding  by scientists).

~:1111’CJlt  C. ffoJ’tS  iJl a]) Jdyin~ ttlc ASI’I;N
sctmluling systcll] 10 s})accctaft cmnmalding
focus oJl two lllissiolls: ttlc Ncw Mi]]cnl)ium
l~al[ll  ~)bSCl ViJlg ~)JIC (NM ];()- ]) SatC][itC ( t o

bc lauldd  in late.  1998)  aIId tllc IJ.S. N a v y

LJIIIJ lkllow  OJ~ OI~c. (IJIO-  1  )  s a t e l l i t e
(cLIIlc.lltly  it] ml)it). NM 101 [ 10] is a earth
imaging satellite fc.aturing aa advanced multi-
sjmllal imfi~,iIIS,  dcvicc. l;or  lt)is Jnission,

o]watimls  c(~Ilsis(s  o f  Jnanaf,in~,  sl)acccraft

o])c Jability c(mstraiJlts (]mwcr,  ttlctmal,
}mi]ltil]~,  I)l]ffcls, c(msuinablcs,  cIlp,illc.cting
dOWJlliJ)kS,  Ctc. ) aJKl sc’icJlcc  goals (imaging  of
slwific (al ~,c(s witt]ia ~mlticular  observation
1)211 alnctc] s). of particular difficulty is
lnaIlagiap,  (IIc, dowtlliIlks  as the amoutlt of data
f,cnct atcd by ttm ima~in~, dcvicc.  is quite lalgc
and fyou]](i c(JJJtacts aIc a Iilnitcd Icsourcc..



AImtlIcr onf,oit): cffotl  ill llm ma of
spacmraft commal~dil]g is the dcvclqmwmt  of
m advanced comman(iillg  systcm for the U.S.
Navy IJII’O 1 satellite [ 19]. lJ1iO-l is an c)lI-

orbit (c.stbc(l Inan[ip,c.d  b y  (hc [J. S. N a v a l
Academy Space Artificial lt][clligcmc 1,ab
(SAII.) a t  Annapo]is la IIlis collatmatim,
SAII, is dcvc.]o])inp,  ml upliak,  dowtilink,  basic
d~ta (ransJml,  aad comlnal]dil)g,  ca])abi]ity (0
bc illtcrfaccd will] arl advamxxi planning  atd
scheduling c.t~gi(lc  (AS1’liN). la this
a]q)licatiol],  AS1’liN w i l l  a l l o w  lligl~  IC.VC1
colnmandiag of the i. JII’O- I satcl]itc.  to pc.rform
hif,tl level functions  such a s : au[o pitch
monmllum  dum])il~g, pmpalatioll  for  c.clipsc
scmon, dclla- V maI)cuvcrs, IRU warmup and
turIIolI,  Im([cry  cc.11 ImmuIc  bias callit~ration,
(Ic](a imlination ll)al)cllvcrs, :illd ottlcl

e n g i n e . c r i I ) g  housckccping  functions.  ‘ J i m
AS1’liN  sc.hc.dulil~g,  cll~illc tllcm ]m”follm
appropriate. c.xpansiot)  and conflict  rcmlu[i(m
10 :,cllcratc IOwcr Icvcl  Collllmmd  Scqllcnccs  to

achieve the higher ICVCI g,oals.

Amtlm application of (Im AS1’liN  systcln  is
in suppwl of tl]c I’Iu1o I ixprcss (l’X) ~mjcc(
for the (iua] purposes of scicmc.  pltil]llin~)  aTlci
(icsify cvalua(ion  for scicncc.  an(i opcrabili(y
[ 14]. II] support of scicmc  ])lanaiag$  tim wc.
arc [icvclopin!,  ilip,il  lcvci  mmicls of pmposc(i
I’X spacccraf[ 10 assis( in autmatc(i
gcmration  of scicmcc  {iata  acquisition ])lans
(e.g., lligi]  IC.VCI  activity scqucmccs) from higil
lcvc] scicmcc  Seals  to assist in (icvclopinp,
scicl]cc plans for mission profiling,.

la a sl)ill-off’ applicatiol~  o f  plaanillg,  ami
sc.imiuiin~  [cchnoiopjy,  ti)is same cap:ibility  to

gcncratc  scicllcc (an(i engine.c]illf,) pla!ls  is
bcinp,  usc(i  10 cvaiua(c  carlcii(iatc  spacec r a f t
(icsifys from ti le .  s(an(ipoin( of cmcf-p,cnt
(icsip,i~  asi~cds s u c h  a s  scic[lcc rctul[] ami
oi~crabili(y. ‘Illis si~ia-off arise.s from tile

oimrvatim that of(c.11 i t  i s  ciifficu]t  [0
(ic(cllnillc  i]ow wcli  a f,ivcm s])ac.ccraf( (icsiga
wiii i)ctfol-lll  wi(t}ou( flc.si)illg  oul ai)proximatc
oi>craticms  scquc.nccs forcriticai  phases of (ilc
Inissioll (c. S., Cmmlll(c.r).  111 Or(icl’ to a(](ilcss
tilis (difficulty, we arc, (icvcloi)itlg a  cic.sign
anaiysis  looi wi]ich accciM a s  inin]t:  a
cail(ii(iatc  slmcccraft  (ic.sigll  (an(i oimatims
constraints, nmicls,  clc.);  ii set of engine.cring
all(i  scicmcc ot)jcclivcs;  an(i a set of scoring
ful)ctiol]s (0 a s s e s s  i]ow wcii a scqucmcc
tichic.vcs  (i)c ob@ivcs. ‘1’ilis tool (im uses
i~iannin!,  anti  sctm(iuiiag  tcc.i)nolo~,y  to
~cncratc.  a  caa(ii(ialc  scqucmc; IIICII  usc.s (hc
scoring futdio[l  to s c o r e  (i~is scqucmcc  in
Ic.rms of IIm asi~ccts  of sciclm, opcral~ili(y,
etc. ‘1’iwcmi  tcsult is lhal (ilc (icsi[~l~ team gets
(Iuantilalivc.  fcmitmck 0]) l~ow WC]] tile [icsifyl

iac licvc.s sciclm -ot>icctivcs ail(i mcc.t s
oi~crabilily  collstlaill(s  (suci] as Illccting imwcr
mar~,ins,  etc.). ‘1’ilis type of too] is (argctcxi at
cnablin~, (icsify~ teams to rapi(iiy m(i
impai liaiiy cvaiuatc  larp,c. IIulntms o f
spaccc[-af(  (ic.sigas wi(il ii[(lc  cffor(, tilus
aliowinp, illlJm)vcCi al]aiysis of (icsig,n
IIa(icoffs to cnilanc.c.  scicncc atl(i  opcratims
COnCCI-IIS for future. missions.

‘J’i~c ]Iighly  Rc.usable Simc ‘I’rampoll alien
(lli<S’J’)  pm~,ram tar~,cts (ic.vciopmcmt of
tccllnologic,s lc.a(iill~,  (0 iligt]ly  lcusabtc, space
tlal~slm(atio]l  sys(c.lns wllicil  w i l l  imvi(ic.
cxtmmly  low cost access to space [8,9]. As
part of this ]M o~f am, wc have bc.cm cic.vcloi)ing
an(i (icmmstrat  ing a(ivancc(i scilc(iuling
systems for tim t a~)i(i ~,cm.rtit  ion all(i  rcvisim
of ~)lans for maintcnailcc  an(i rclul bishmcl)t  of
iligiliy  rcus:iblc laumi~  vciliclcs.  1!1 this
ai~plication, rca- t ime tc.icmctry ciowlliinkc(i
citi]cd {iuring fiif,llt  m ilnlnc(iiatc.iy  aflc.r fiigi)t
wcml(i bc amtiym(i (0 automatically gc.mxatc.  a
Scs of I]lailltc.nancc. rcqucs(s. ‘1’i)csc
]Ilail]tc]lancc IC(]llc.sts Wmli(i thcll bc
(mnsfol ]mci into a  Ic.flllt)isill]lctlt  i~ian  by an



aulonuitc.  d plarlning and sctwdulinf,  sys[c.IN

wtlicl]  woul(i  auxnlIll  for  avai lable  c.c]uil)mcllt

and  rcs(wrccs  as w e l l  :is (k in[l icacics  of ttm
I(:flltl)isl)lllclll  p] occdurcs  o f  (Ilc  l)i~,lll  y

c o m p l e x  ])mpulsion  systems. ‘ll Ic cII(l  [argc.t  is

[0 allow a (LIrIIarouII(i  o f  several  days  for  tlIc

111<S’1’ space.cmft to suplml  a flip,llt fleqllctlcy
01] the odcr of cm flight pm 1 -? weeks (as a
colnpalison, t h e  slmc. slIL]ttlc. Icfutbistllncnt
plocxxs takes aplmximatcly  65 days wittl a
fiigtlt flcqucncy of once lmr 4 months). II) IIIC
Inailltc.llancc. sctmlulc call I)c f,c.IIc Iatcd using
il~-fligllt  tclcIIIc.try  thcm  Ihc Icfud)ist)lncnt
p] OCCSS  c a l l I)c sl)c.c.(ic.(i Cvc.1)  f i l l  lIICI b y

allowil)g for downlillkillg  of ]cqucsts  fo] lwc-
lmsiliollil)~,  of cquipmcn[  and rc.sources 10
l]lillilni~.c  sclwdulc.  delay.

Once .  Ihc actual  maintcn:um  plal]  has bccm
~~,cncralcd  - the  plannin~  tool col)[illllc.s  to h

of usc in Iwo ways . liilst, ID ]nal~y cases thcm
call bc Scvcra] Imltllally cxclusivc

Inaintcnalm activitic.s wtlictl call l)c

pcrf’ormcd  Ilc.xt . V i a  lookat]cad al)d c r i t i c a l
])ath  analysis  automated  s c h e d u l i n g  s o f t w a r e

call (Ic.tcrlninc  IIIC nc.xt ac(ivitics  (0 cvlablc  tlm

]nillilnal lnakcspa!) (ovmall Sctlcdlllc

c.xc.cution time). Second, as uncxpcdcd  events

alisc  (such as cqllipmcnt  f a i l u r e s ,  r c . s o u r c e

utiavailat)ilil  ic.s, and  schcdLIlc.  s l i p p a g e . ) ,  the

automated scldulin:,  software lIas  tlIc. ability

10 mvisc  tlm scllc.dulc  so a s  to minimi7Jc

scl]cdulc  d i s r u p t i o n  (Inovcmcm[  of ac(ivi(ic.s

aIl(l rcsourccs  froln  (Ilcir origi  I)al assign  mcmts)

ald Schcdulc slip])agc  ( d e l a y  of t h e

colll])lctiol~c)  ftl~covcrall”  rcfllIt)islllllc.Ilt.

III ordcx (0 tc.st and validate (his (cchnology  wc
llavc. bc(’1) utili7(illg (C.st Inaintcnancc.

ploccdllrcs (icvclopc(l by Rockwcl]

IIltcmatiolml  (iuring,  t h e  l’tlasc  1 colnpctitiol)

o f  t h e .  Rcmsablc.  l,aumh  Vchiclc.  l)rog,lam
which cmkxi in July 1996. Specifically, wc
usc.d lIIC 161ai1]tcmalm  lmc.c.durc.s  dcvc.lopd
for IIm 1.(), and 1,11, ljrolmlsim systclns  for the
X-33 Rcusat)lc.  1 .aunch Vchiclc. ‘1’hc

plOdNICS  (Iclivc(]  fol Ill:till(ail}il)p,  :11](]
lcfud)islling  (tic tcs( a[(iclcs provided a rich
lcstt)cd for Space l’mpulsion Sys(cm
Maintcmancc  Scld~llil~g.  IT) fill, ttm tc.s(td
illvolvcd  Ic.flltl)isllclllc.llt  o f  2  n)a~ol  systclns
with 16 subsystcllls,  with a total of 576 lowest
ICvc.t adivilics ill a COIIIJ)]C.[C (CVCl”y
subsyslcm)  Icfutbishmcnt  plan. ‘1’hc m o d e ]
tl)at wc dc.vclopcd  f o r  schcciulc.  gcnct  atiml
involvd:  576 activity (yj)cs,  6 Icsourccs,  and
011 avcl a~c 6 state., t csourcc,  arid {Mcccdcmcc
cmlslraill(s pw activity. It) this alq)licatim wc
allowcxi IIlailltcltalm  Icqucsts  to mqucst  c.ithcr
lcfL1l-llislllllcllt  of sl)ccific sut)sys(c.ills or IIlajol
systmns. III order (0 schcdulc. t}lc IIlain(cllancc
rcquc.sts  tlm ASI’1 iN sys[cm used a forward
swcq)inf, g,rcdy  disJ}alctl  algolilt~ln  which
USC(1  Slr(mg  kllowlcdgc  o f  ( t i c  prcm(icms  of

activities ill ttlc. ])lail. ‘Illc I’csllltal)t  Schcdlllel

Ilas  t)ccrl  al)le t o  ~cIIcratc  sct)c.dulc.s  f o r

tcfLlrl)isl)l]lc.Ilt  l)rot)lcIlls  involvinp, half of ttlc.
subsystc)]ls  (8 sullsystc.ms, 288 activities) in
alymximatc.ly  t O lni~ll]tcs.

5. ]<lil .A’l’til)  WORK

}{c.ccl]t  l c . v i e w s  (}f l)lai)lling and schcdu]ing
can bc foull(i ill [ I ,23]. [ 15] provides a
c{)ll-ll]lc.l~c.tlsivc tic.atnmnt of ap~)licatim
frameworks.

1  )1’1’01’S  [  1 8 ]  i s  a  rcccntly  dcvclq)cd
alq)licalioll  frallmwork  fo] scllcdulit]g  ill ttlc
domain of pl od~lct  ion Ill:ill:tf,clllcl)t. ‘1’!lC
diffcrcncc.s bet wcxxl 1 )1’1’01’S  and ASI)} iN arc.
the following:
@ 1 1 1 ’ 1 ’ 0 1 ’ S  i s  dcsigtd  fol production

mana~,cm~cnt  domain,  w h i l e  ASJ’liN i s
(icsi:,lwd for S])acc.c] aft opcwatims
(lomail]s.

● IJ1”l’(JI’S is a sclmlulillg f]amcwork, while
AS1’liN  is a Ilybri(i ]~lar~tlillp,/scl]  ccl\llir]g
flalnc.wmk,

●  1)1’1’01’S  is C.olfllllitcci  to ttlc ~ml-adi~lll  o f
rcJ)ai  I - bad scllc(luling; AS1’liN is



ummmittcd  to cittw the repair-basd or
constructive approaches.

6. ~X)NC3  .US1ONS AN I) ] ‘U’l”UIUi  WORK

intdacc  to aclaptivc.  problcm Solver’s -
automatic configuration

II) this paper, wc have cicscribcd AS]’] iN, a
rcccmfigurab]c, mociular framcwml  for
~Jlalll~illF]scllcdulillg applications, ad
(icscribcci  thrc.c curtcnt applicatimls  of AS]’] iN
in spacecraft opcraticms. Al(lmugh  the
cicvclopmcml  of a ~,cm ic. software architc.clu[c
such as AS1’ltN  has rquircci  a substantial,
initial investment of cfforl, wc expect tim totai
dc.vclopmcnt  effort for a set of scimiuiin:,
applications to be significantly (iccrcasc(i (as
compami  to imiivi[iuaiiy  cicvclopias  cad o f
[i]c applications).

AS}’IIN is currcnt]y  a  scl]cci~llir]g-o)ic))tc(i
systcln,  althougl)  smnc  p l a n n i n g  capabilitic.s
arc supporlcct for h ybri(i p] arming/sctlc(iul in?,
applications such as the 101 an(i U1O 1. WC,
p l a n  to extend  ASI’IiN to supJmr(  a(iditional
planning capabilities. Grrcntl y, AS]’] ;N
alrcaciy  supports much of the fLlnctionaiity  of
state of classical planning systems [ l]. WC.
plan to cxtcn[i ASPI \N’s planning  capabilities
so tt~at  it can bc usc.ci as a framework for
powcrfL~l  p l a n n i n g  app]ic.ations tilat aiso
exploit the additional temporal reasoning anti
msourcc inanagcmcnt capabilities  which aic
avaiiablc ti~rough ASI’liN’s  schc(iulin~-
oricntcd  facilities. “

IUnal]y, the rcconfigurability of ASPI;N cou](i
bc taken a step fLlrthcr.  Grrcmtly,  it is not
p o s s i b l e  to rcconfi~ure  AS1’l{N at rLlntimc.
lmplcmcnting the ability to bc rccollfigurc.(i  at
rLlnt imc. would cn ab]c t}lc intclcxtil]g
possibility of using adaptive problc.m  solving
tcchniquc,s  to automate tllc rcconfifiuration
process for particular c.lasses of pmblcms (cf.

[6] or fol par[iular  problem instances (cf. [5]).
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